Wide range selected area electron diffraction (SAD) patterns on h110i crystal-zones (CZ) of a single variant of R-phase in Ti-50.4 at%Ni alloy quenched from 1223 K indicated that the h110i CZs can be classified into two types, CZ-A and CZ-B, with respect to the 1=3h110i Ã reflections. Especially the absence of 1=3h110i Ã on the CZ-A could not be explained by the models proposed up to now. Based on the experimental results, a map that expressed the SAD patterns of single R-phase variant on the (111) stereographic projection was presented. It was suggested that the true structure of R-phase should fulfill three conditions on characteristics of SAD patterns, that is, the reproduction of the unique (111) pattern, the absence of 1=3h110i Ã reflection at the specific planes on CZ-A and the retainment of three-fold symmetry with respect to the [111]. Bending the TEM sample composed of several R-phase variants caused the integration of the R-phase variants, and resulted in the formation of the B19 0 martensite. However both the single variant and the B19 0 martensite returned to the initial state of several R-phase variants after 120 hours at room temperature. It was proposed that the unification of the R-phase variants plays an important role on the R-M transformation.
Introduction
Many studies concerned with the R-phase of shape memory alloys have been performed up to now. Hara et al. 1) reported the space group of the R-phase belonged to P3; however, Naish et al. 2) claimed it as P31m lately. Recently Schryvers and Potapov 3) determined it as P 3 3 using electron diffraction data. Other many matters, such as the morphology, [4] [5] [6] [7] the number of variants and the manner of sequences to martensites from the R-phase, 8) also remain unsolved. If the R-phase structure would be clarified, these problems would be solved successively. Since the R-phase structure is extremely sensitive to temperature, composition and stress, many experiments will be confronted with various difficulties without fail. It would be expected that the proper way for that purpose is to use the electron diffraction in a fixed area of a single variant of the R-phase and to observe many patterns on crystal zone over wide range. Present study was performed in line with the scheme.
Experimental
The alloy rod of Ti-50.4 at%Ni with 35-1000 (mm) was prepared by Tokin Co. Ltd. Some plates with 5 Â 50 Â 1 mm 3 were cut from the rod parallel to the axis by a wire electrical discharge method. The damaged layer was removed by mechanical polishing and the plates were sealed in a quartz tube under a vacuum. The plates were heated at 1223 K for 1.25 hours and were quenched into the iced water by breaking the tube. Several pieces with 5 Â 2 Â 1 mm 3 were cut from the plate by a fine-cutter and were polished to 0.1 mm in thickness. The middle of the piece was thinned using an ion-milling method. Initially Ar þ ion was accelerated at 7 kV for 48 hours; after that the voltage was reduced to 2 kV for a mild fine milling. The milling was performed by a parallel irradiation against the surface of the specimen held with tweezers. This condition was able to remarkably suppress the temperature rise and the damage under milling. The TEM observation was carried out by bright field (BF) and selected area electron diffraction (SAD) technics at room temperature using a high angle double-tilt holder (AE70 , AE45
) of Topcon EM-002B operated at 200 kV. The simulation of SAD pattern was performed by MacTempas TM taking a dynamical diffraction effect into consideration. Figure 1 shows BF image of a single R-phase variant area and SAD patterns on the h110i crystal-zones (CZ) at the fixed area circled in the BF image. These orientations are also plotted in the stereographic projection. The notation of the Rphase in this paper is presented using the index of the B2 phase. The angle range from (a) to (i) of SAD patterns, which belongs to [ 1 110] CZ, extends over 100 . Since the path of electron beam was obstructed by the specimen holder due to a high angle tilt, only the half of (a) was visible. So-called 1=3h110i Ã reflections of the R-phase were clearly seen in the [ 1 110] CZ; however, these were absent in the patterns of (b), (d) and (e). Although it can not be asserted with confidence that the reflections are perfectly absent on these planes, it is clear that they are hardly visible compared to the others. On the contrary no 1=3h110i Ã reflection along the rotation axis was found either in to know how reflections of R-phase will appear on each CZ. Hereafter this paper refers to the former as CZ-A and refers to the latter as CZ-B.
Results
Another TEM sample was also observed, which exhibited a uniform distribution of R-phase variants anywhere. Then this sample was bended slightly in order to make a single variant area. Figure 2 shows BF image of the sample after the bending, and SAD patterns corresponding to the marked areas. The HR area consists of the several variants, which is the same state as before the bending. Nevertheless a single variant was found at the SR area, and a martensite was also formed at the M area near a crack. Both single R-phase variant and martensite must be products induced by a stress. The unification of the R-phase variants with a stress is remarkably similar to the case of the !-phase variants of certain -titanium alloys. 9) Figure 3 shows series of SAD patterns on h110i CZs at the SR and the M in Fig. 2 . The SAD patterns in both series were taken by adjusting a zone-axis at the SR, and these orientations were plotted on the stereographic projection. It was confirmed by both (c) and (i) patterns that the SR was composed of a single R-phase variant. Each CZ of (a)-(e) and (i)-(l) belongs to the CZ-A. The absence rule of 1=3h110i Ã reflections as shown in Fig. 1 was reproduced again in (a) , (k) and (l) patterns. On the other hand the series of (c)-(i) belongs to the CZ-B.
As the result of SAD analysis on the M series, the structure of the martensite was B19 0 , of which the parameters were determined as follows: It seems that the angle is a little small compared to the previous work, 10) because the present martensite may be already in a recovery process. The (001) M reflections, which was called as 1=2h110i Ã reflection and peculiar to B19 0
martensite, emerged on the series of (c)-(i). Comparing the (a)-(e) and the (i)-(l) series, it is interesting that even in the B19
0 martensite an appearance of the SAD patterns belonging to the CZ-A is similar each other. It might be suggested that one of planes on the CZ-A becomes a habit plane in the R-M transformation. Result of the trace analysis indicated that the interface between the SR and the M corresponded to (011) plane.
On the other hand Fig. 4 shows the same position of the sample left for 120 hours inside the microscope after the observation of Fig. 3 . Surprisingly both SR and M areas have been transformed inversely to the several R-phase variants of the initial state. It was also found that the crack became narrow following the inverse transformation.
Discussion

Absence of 1=3h110i
Ã on CZ-A The absence phenomenon with a rotation has been also reported by Murakami and Shindo. 11) Since they investigated on the prior state to the R-phase transformation, their results might be discussed separately from the present study; even so, it would be not irrelevant to ours. Their demonstration has been performed at higher orientation deviated a little from [111] zone-axis condition, and they have confirmed that the 1=3h110i Ã reflections disappeared on three h110i CZs by rotation around each h110i axis including the reflections. In the present study the absence on CZ-A was confirmed not only at low orientations but also at higher orientations. Hence it is clear that the 1=3h110i Ã reflections arise from a dynamical diffraction effect. As for the (110) pattern, however, the 1=3h110i Ã reflections have been observed in ternary alloys containing Fe, 12) though their intensity was fairly weak. It may be caused by a difference of the alloy contents.
The dynamical multi-slice simulation with reference to (a), (b), (d), (e) and (g) in Fig. 1 was performed in order to confirm whether the absence rule can be reproduced by the Rphase structure models of P3, 1) P31m 2) and P 3 3.
3) Main parameters used in the simulation, 200 kV of accelerating voltage and 0.3 mrad of beam convergence, were the same. Figure 5 shows the typical results of the layer thickness of 50 nm. Although the thickness parameter was changed from 10 nm to 100 nm, none of the models could reproduce the absence rule of 1/3 [110] Ã reflections. The unique (111) pattern was successfully reproduced only by P31m model. Consequently it is difficult to say that the structure of the Rphase has been settled, and the standard and reliable data for the analysis are needed.
Based on the present results, we can build up a map of SAD patterns of the R-phase on the (111) stereographic projection as shown in Fig. 6 . The true structure of the Rphase should fulfill three conditions, that is, the first is a reproduction of the unique pattern of (111), the second is an occurrence of the absence rule on CZ-A, and the third is the retainment of three-fold symmetry with respect to the [111].
R-M transformation
Throughout three structures, the B2-phase, the R-phase and the B19 0 martensite, the SAD patterns of (011) are extremely like each other, suggesting that the plane accepts the role of an invariant plane on the B2-R-B19 0 transformation process.
We can describe a sequence of R-M transformation as follows. The four variants of R-phase would decrease its number by integration according to a stress increase, and finally only one variant that might be suitable for relief of a stress would be left. If a stress increase is continued furthermore, the single R-phase would be obliged to transform to the B19 0 martensite. Accordingly the state of a single variant of the R-phase could be considered as a prior state required by the R-M transformation. It is expected that the inverse transformation would be attained by going on the inverse process when a stress will be released. 
Summary
The wide range SAD patterns on h110i CZs of a single variant of the R-phase indicated that the CZs can be classified into two types, CZ-A and CZ-B, with respect to the 1=3h110i Ã reflections. Especially the absence of 1=3h110i Ã on the CZ-A could not be explained by the models proposed up to now. Based on the experimental results, a map that expressed the SAD patterns on the (111) stereographic projection was presented. It was suggested that the true structure of the R-phase should fulfill three conditions on characteristics of SAD patterns.
Bending the TEM sample composed of several R-phase variants caused the integration of the R-phase variants, and resulted in the formation of the B19 0 martensite. However both single variant and B19 0 martensite returned to the initial state of several R-phase variants after 120 hours at room temperature. It was proposed that the unification of the Rphase variants plays as an important role on the R-M transformation. 
